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Abstract. While there is a popular perception that Canada is
a water-rich country, the Saskatchewan River basin (SRB) in
Western Canada exemplifies the multiple threats to water se-
curity seen worldwide. It is Canada’s major food-producing
region and home to globally significant natural resource de-
velopment. The SRB faces current water challenges stem-
ming from (1) a series of extreme events, including major
flood and drought events since the turn of the 21st century,
(2) full allocation of existing water resources in parts of the
basin, (3) rapid population growth and economic develop-
ment, (4) increasing pollution, and (5) fragmented and over-
lapping governance that includes the provinces of Alberta,
Saskatchewan, and Manitoba, various Federal and First Na-
tions responsibilities, and international boundaries. The in-
terplay of these factors has increased competition for water
across economic sectors and among provinces, between up-
stream and downstream users, between environmental flows
and human needs, and among people who hold different val-
ues about the meaning, ownership, and use of water. These
current challenges are set in a context of significant environ-
mental and societal change, including widespread land mod-
ification, rapid urbanization, resource exploitation, climate
warming, and deep uncertainties about future water sup-
plies. We use Sivapalan et al.’s (2012) framework of socio-
hydrology to argue that the SRB’s water security challenges
are symptoms of dynamic and complex water systems ap-
proaching critical thresholds and tipping points. To Sivapalan
et al.’s (2012) emphasis on water cycle dynamics, we add the
need for governance mechanisms to manage emergent sys-
tems and translational science to link science and policy to
the socio-hydrology agenda.
1 Introduction
In a recent article in Hydrological Processes, Sivapalan et
al. (2012) called for a new science of water that treats humans
and their activities as endogenous features of the water cy-
cle, interacting with the system through water consumption
for their personal needs, food, and energy, and through pol-
lution, policies, markets, and technologies. We examine the
Saskatchewan River basin (SRB) in Western Canada from
a socio-hydrological perspective: first by describing its geo-
graphic context in both human and biophysical terms, then
by outlining the complex challenges to water security link-
ing human activities and natural systems, and finally, by
highlighting the importance of anticipatory governance and
evidence-based decision-making for rapidly changing water
systems.
2 Overview of the SRB
The SRB (Fig. 1) covers 336 000 km2, encompassing a large
portion of Western Canada, and is one of the world’s larger
river systems. The Canadian Rocky Mountains are the dom-
inant sources of river flow, providing some 80 % of runoff
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Fig. 1. Saskatchewan River basin.
(Pomeroy et al., 2005); the river’s two major tributaries flow
east from the continental divide. The South Saskatchewan
River (SSR) passes through the Canadian prairies, a major
agricultural region with high natural climatic and hydrologi-
cal variability (Fig. 2). The North Saskatchewan River (NSR)
drains prairie landscapes and boreal forest. The latter are an
important global ecosystem and represent 35 % of Canada’s
total land area (Natural Resources Canada, 2009). After the
confluence of these two major tributaries, the river passes
through one of the world’s largest inland deltas, marking the
downstream limit of the SRB catchment, and enters Lake
Winnipeg, the world’s 11th largest lake by surface area, ulti-
mately discharging its waters into the Hudson Bay via the
Nelson River (Partners for the Saskatchewan River basin,
2009; Toth et al., 2009).
The SRB is facing rapid environmental change. A warm-
ing climate is causing Rocky Mountain glaciers to retreat,
changing the rain/snow balance and the processes of snow
accumulation and melt, and hence influencing the magni-
tude and timing of river flows (Demuth and Pietroniro, 2003;
Comeau et al., 2009; Moore et al., 2009; Marshall et al,
2011). Changing climate is also manifest in a mountain pine
beetle infestation which has caused widespread devastation
of forests in the province of British Columbia and is moving
eastward into the SRB (Natural Resources Canada, 2012). In
the prairie portion of the SRB, spring snowmelt is now occur-
ring 2 to 3 weeks earlier than it did in the 1950s (Bonsal and
Prowse, 2003). The changing climate brings the prospect of
new extreme conditions in the form of droughts and floods,
though Bonsal et al. (2012) point to evidence of extreme
drought in the region’s paleorecord, noting that “observed
twentieth century droughts were relatively mild when com-
pared to pre-settlement on the prairies, but these periods are
likely to return (and even worsen) during this century.” New
patterns of extremes stress society’s capacity to adapt quickly
enough with new infrastructure, institutions, building codes,
insurance rates, early warning systems, and emergency man-
agement procedures (Karl et al., 2008).
Fig. 2. Observed annual flows (m3 s−1) at the Alberta-
Saskatchewan Border, 1961–2010 (Alberta Environment and En-
vironment Canada).
Residents of the Canadian prairies have always lived
with extremes; they are in fact a defining feature of prairie
life, history, and culture. The Palliser expedition of 1857–
1860 observed drought conditions in the “Palliser Trian-
gle” and declared it unsuitable for agricultural development
(Marchildon, 2009; Toth et al., 2009), though later devel-
opments saw the Palliser Triangle become a major Cana-
dian agricultural zone. The region experienced devastat-
ing drought conditions during the Dust Bowl years of the
1930s; wheat farmers flocked to cities for work; and im-
ages of large dust storms, rolling mounds of Russian this-
tles, and destitute prairie farmers filled newspapers across
Canada (Encyclopedia of Saskatchewan, 2012). Recent ex-
amples of natural extremes included a major drought from
1999 to 2004, with a CAD 3.0 billion drop in Western Cana-
dian agricultural production in 2001–2002. The economic
impacts in this paragraph are reported in CAD. (see e.g.,
Wheaton et al., 2008). Extensive flooding in 2011 caused
widespread damage across the prairies; many communities
experienced flooding, with some 40 roads under water in
Saskatchewan alone, and costs in Manitoba were reported to
exceed CAD 800 million (CBC News, 2011). Most recently,
in June 2013, flooding in Alberta caused 4 deaths and the
evacuation of 100 000 people from the city of Calgary (The
Economist, 2013), with direct costs estimated as exceeding
CAD 5 billion (CBC News, 2013).
Groundwater use in the SRB is curbed by the limited ex-
tent of large aquifers and low rates of recharge (Toth et al.,
2009). Total groundwater use is less than 1 mm per year, av-
eraged over the area of the basin. Nevertheless, groundwater
resources are sufficient to provide water supplies for numer-
ous individual houses and many small towns, where reliable
surface water supplies are not available. Much of the prairies
would be uninhabitable if it were not for water from wells.
However, the potential of using groundwater for large-scale
irrigation is minimal due to the low yields of wells and the
unsuitable chemistry of groundwater. In principle, ground-
water supplies represent a critical degree of water security,
because they are relatively insensitive to drought. In practice,
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sustainable yield remains uncertain because recharge pro-
cesses are largely unquantified (Peach, 2013).
The prairies are Canada’s major food-growing region.
Dryland agriculture, depending on precipitation to supply
moisture to crops and pastures, is the dominant food produc-
tion method. However, early European settlement recognized
that irrigation could enhance productivity, and major water-
works were developed in southern Alberta. Today, the region
is responsible for approximately 75 % of Canada’s irrigated
agriculture (Agriculture and Agri-Food Canada, 2011). Di-
versions for irrigated agriculture account for 82 % of con-
sumptive water use in the SRB (Martz et al., 2007).
In addition to irrigation use, the large-scale development
of the river includes dams for hydropower, water supply
for industry and urban centers, and flood relief. The largest
of these is the 225 km-long Lake Diefenbaker multipur-
pose reservoir in Saskatchewan which stores 9.4 billion m3
of water (Saskatchewan Water Security Agency, 2014). Lake
Diefenbaker’s Gardiner Dam has heavily modified condi-
tions downstream (Fig. 3), with additional effects due to
peak power generation at the E. B. Campbell Dam and Elec-
trical Power Station further north. Infrastructure also af-
fects flow regimes downstream in the Cumberland Delta,
one of Canada’s richest regions for its abundant and di-
verse wildlife. In addition to the upstream water withdrawals
and river regulation, removal of sediment outflow by im-
poundment has enlarged channels downstream and reduced
sediment-borne nutrients to the delta’s ecosystem. Suppres-
sion of annual discharge peaks has reduced the frequency of
overbank flooding and, consequently, the frequency at which
water and nutrients are replenished in the delta wetlands.
Changes in the ecosystem are of profound concern to First
Nations and Métis communities who depend on the delta
for fishing, hunting, trapping, and subsistence agriculture for
their livelihoods.
Inter-provincial flows on the Saskatchewan River are gov-
erned by the Prairie Provinces Water Board Master Agree-
ment on Apportionment, approved in 1969. In simple terms,
the Master Agreement requires the Province of Alberta to
pass 50 % of the river’s annual natural flow to Saskatchewan,
which in turn is required to pass 50 % of that flow to Man-
itoba plus 50 % of flow arising in Saskatchewan (Prairie
Provinces Water Board, 2009). While concerns have been ex-
pressed that under extreme drought in Alberta may have diffi-
culty maintaining its responsibilities to senior license holders
(some of which predate the agreement), the agreement has so
far proved a robust framework that encourages cooperative
water management and sharing of information.
Fig. 3. Annual hydrograph of the SSR at Saskatoon pre- and post-
construction of the Lake Diefenbaker Reservoir (Water Survey of
Canada).
3 Challenges to water security
3.1 Environmental change
Increasing evidence indicates that the environmental sys-
tems that support large-scale urbanization and commercial
agriculture (grains and livestock), and produce oil and gas
to power the USA and China, are being altered by anthro-
pogenic climate change. Nowhere is this process more ap-
parent than in the Canadian Rockies and foothills region
in Alberta which provide about 77 % of the Saskatchewan
River’s flows (Toth et al., 2009). In a typical year, the ac-
cumulation of winter snow leads to snowmelt in spring and
early summer which generates a characteristic early summer
peak in the annual hydrograph. Later in the year, low flows
are maintained by glacier melt, rainfall, and slow subsurface
drainage processes (Toth et al., 2009). In recent years, these
processes have been changing in a manner typical of a warm-
ing climate. Glaciers still provide important low flow con-
tributions to the North Saskatchewan River basin (NSRB),
but the southern glaciers have retreated to the point of in-
significant runoff generation. Data from the Marmot Creek
Experimental Basin in the Rocky Mountains have shown that
over the last 50 years, winter minimum temperatures have in-
creased by 5 ◦C, and that these changes are associated with
changing patterns of distribution between snowfall and rain-
fall, smaller snowpacks, and earlier spring snowmelt (Harder
and Pomeroy, 2013).
The prairie landscape portion of the South Saskatchewan
River basin (SSRB) has a different hydrological pattern and
will be affected differently by climate change. This climate is
semi-arid, and the topography is gently rolling or flat; the re-
cently glaciated landscape is dominated by internal drainage
basins and many hundreds of thousands of small lakes and
wetlands which provide important habitats for wildlife (Fang
et al., 2007). Less than 50 % of the prairie area normally con-
nects to a major river system (Toth et al., 2009) and flow con-
tributions are typically small; average runoff per unit area
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from the prairie uplands is only about 10 % of the runoff
from the mountain slopes. The landscape is dominated by
snow and ice for 4 to 6 months of the year. Future climate
projections indicate a warming and wetting, with the great-
est change in winter, though recent results show significant
variability between models (Mearns et al., 2012; Khaliq et
al., 2014). Some estimates project a decrease in summer pre-
cipitation for Alberta and Saskatchewan by 2081–2100, al-
though projected changes to precipitation, and in particu-
lar hydrological extremes, remain highly uncertain (Wheater,
2002, 2009; Khaliq et al., 2014). Also uncertain are the ef-
fects on streamflow of increasing precipitation and increas-
ing evaporation due to a warmer climate. Recent hydrolog-
ical simulations for the SRB reveal changes in the annual
streamflow ranging from an 8 % increase to a 22 % decrease
(Pomeroy et al., 2009). Small-scale hydrological models for
prairie streams suggest a 24 % increase in spring runoff by
2050 followed by a 37 % decrease by 2080 as the winter
snow cover becomes discontinuous (Pomeroy et al., 2009).
3.2 Population growth and economic development
Canada’s prairie provinces, especially Alberta, are in the
throes of large-scale population and economic growth, and
increased prosperity, with profound consequences for land
modification and water management. Alberta’s historical de-
velopment was based on agriculture and cattle production,
but more recently, natural resource exploitation, including
petroleum development and tourism, has been added to the
mix. The Calgary–Edmonton Corridor is the most urban-
ized region in the province and one of the densest and
fastest growing in Canada. In 2012, Alberta’s population was
3.8 million; almost 65 % larger than its size in 1980 (Cen-
tre for the Study of Living Standards, 2012). Growth in per
capita gross domestic product in Alberta vastly outstripped
the Canadian average after 1980, except for a temporary
downturn during the global recession of 2007–2008 (Cen-
tre for the Study of Living Standards, 2012) (Fig. 4). Al-
berta was Canada’s fastest growing province between 2006
and 2011, with a 5-year population growth rate of 10.6 %
(Statistics Canada, 2013).
Rapid growth, urbanization, agricultural intensification,
oil and gas exploitation, and allocation of more than 100 %
of the flow of some sub-basins increased competition among
licensed users, reduced water quality, and degraded ripar-
ian ecosystems. Schindler and Donahue (2006) warned of
“an impending water crisis in Canada’s western prairie
provinces” involving the interaction of these effects. A se-
vere drought in 2001–2002 revealed vulnerabilities in Al-
berta’s water system as farmers were required to cut back
water use and cattle producers reduced their herds or hauled
stock water (Wandal et al., 2009). The province was unable to
meet the requirements of all of its water licensees, and came
close to being unable to deliver 50 % of the river’s natural
flow to Saskatchewan, as stipulated in the Prairie Provinces
Fig. 4. GDP in Canada, Saskatchewan, and Alberta: 1990–2010
(Centre for the Study of Living Standards, 2012.
Master Agreement. Acknowledging that the water system
was tapped out, Alberta Environment temporarily closed
three sub-basins (Oldman, Bow, and South Saskatchewan) to
new water licenses in 2003 (Alberta Environment, 2003a). At
the local level, some senior licensees shared their apportion-
ments with junior licensees to maintain the economic viabil-
ity and social structure of fragile rural communities. From a
governance perspective, Diaz and Warren (2012) have inter-
preted these informal agreements as a response to inflexible
senior governance and as a sign of community resilience in
the face of climatic uncertainty.
Another symptom of increasing vulnerability and ap-
proaching a critical threshold is the decline in water qual-
ity. Phosphorous loadings exceeded Alberta’s official chronic
guideline of 0.5 mg L−1 (Alberta Environment, 1999) for
most of the SSR downstream from the Rockies, and the
situation has become dire over time (Fig. 5). Data from
18 monitoring stations between 1973 and 2007 show espe-
cially high phosphorous levels downstream from Alberta’s
intensive agricultural areas and feedlots but much lower lev-
els downstream from Lake Diefenbaker in Saskatchewan.
Data from the period 2011–2012 indicate that 90 % of the in-
coming phosphorous is retained in Lake Diefenbaker where
eutrophication is of increasing concern (Hecker et al., 2012).
The Saskatchewan River ultimately discharges to Lake Win-
nipeg, which receives a major load of nutrients from the US–
Canadian trans-boundary Red River. In 2007, Lake Winnipeg
had an algal bloom of some 15 000 km2 in area (Kling et al.,
2011).
Alberta used simulation experiments with its Water Re-
sources Management Model (WRMM) to assess the state
of its water supplies, asking whether it would be possible
for current resources to support agricultural expansion and
assure ecosystem health under different environmental flow
conditions. The model considered 10 and 20 % increases in
agricultural acreage over current allocations and used in-
stream objectives (IOs) attached to current licenses and in-
stream flow needs (IFNs) to represent flows adequate to
protect water quality, fish habitat, riparian ecosystems, and
channel maintenance. Model runs produced sobering results
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Fig. 5. Total phosphorous concentration (1973–2009) in Alberta and Saskatchewan (Federal data through the Prairie Provinces Water Board,
Alberta data from Alberta Environment – River Network Station Water Quality Data, accessed online through http://environment.alberta.ca/
01288.html, Saskatchewan data from Saskatchewan Ministry of Environment).
(Alberta Environment, 2003b). The IOs were very low com-
pared to INFs in most years. Although it would be possi-
ble to expand irrigated acreage and improve environmen-
tal flows under average conditions, it would not be possi-
ble to support future growth and protect the environment in
dry years. While growth can be accommodated in average
years, drought forces the system into deficit. Thus, gover-
nance and policy need to reflect allocation strategies in dry
years – how shortages would be allocated across existing li-
cense holders. Ideal IFNs could sometimes be achieved, but
infrequently. Agricultural expansion would result in deficits
for junior licensees under drought conditions, and environ-
mental flows could be augmented, but only at the expense
of junior licensees. As noted above, most of the three sub-
basins were permanently closed to new license applications.
In 2003, Alberta authorized a water planning process with
goals to improve management and administration of allo-
cations, develop markets to transfer water to higher-value
development, and encourage water conservation. From that
planning process there emerged an evolving strategy for sus-
tainability called Water for Life that acknowledged that new
development will occur through conservation, reuse, and
transfer (Alberta Environment, 2012). The Alberta Water Ex-
change, Inc. was established to acquire licenses from those
who have excess capacity and bring licenses into good stand-
ing through reconstruction and proper operation of water
works. The Alberta Water Exchange enables the transfer of
licenses to new users and allows new development to occur
despite full allocation (Alberta Water Exchange, 2012). In
a recent survey of stakeholders in the SRB, land manage-
ment issues were listed by 40 % of Alberta respondents as
the single highest priority for water management, reflecting
the inherent trade-offs and demand-side issues that accom-
pany rapid development in a fully allocated system (Gober et
al., 2014).
Saskatchewan’s economic growth spurt was more recent
(Fig. 4), but followed Alberta’s trajectory with rapid growth
and economic development, pressure for more water li-
censes, water quality issues, and emphasis on supply- over
demand-side management. Saskatchewan’s development is
also rooted in resource development, including food pro-
duction (livestock and wheat), potash and uranium mining,
and oil and gas extraction. The province (approximately the
size of France) has slightly more than 1 million residents
(as of 2011), and in most years, uses only a small portion
of river flows; the assumption has been that adequate wa-
ter supplies are available to support future growth. In 2012,
the Saskatchewan Ministry of Agriculture published a report
called “Lake Diefenbaker’s Unfinished Business” outlining
the potential to irrigate up to 500 000 additional acres (from
today’s 109 000), using only 17 % of current flows under
normal conditions (Saskatchewan Ministry of Agriculture,
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2012). The pressure to expand irrigated agricultural produc-
tion raises important questions about whether there will be
enough water during drought years; whether climate change
will alter streamflows and future water supplies; what agri-
cultural expansion means for dam management, river and
lake levels, recreational uses, hydroelectric power genera-
tion, and environmental flows; and what other opportunities
will be foregone as full allocation is approached. These is-
sues are symptomatic of the changing public conversation
about water as human and natural stressors begin to threaten
both quantity and quality, and difficult choices that need to
be made about allocation, land use regulation, water for the
environment, and competing development paths.
The Government of Saskatchewan recently formed a Wa-
ter Security Agency and released a 25-year Water Security
Plan (Saskatchewan Water Security Agency, 2013) to address
the need for sustainable supplies, water quality, ecosystem
protection, hazards mitigation, improved governance and in-
creased public engagement. Sustainable development is to be
achieved through more efficient water use, new water sup-
ply infrastructure, and reassessment of current allocations.
Unlike Alberta where the legal framework adheres to first-
in-time, first-in-right water apportionment, Saskatchewan’s
water framework provides the Water Security Agency with
greater flexibility to adjust future allocations and adapt to
changing environmental and societal conditions. However,
this flexibility leaves some users uncertain about how deficits
will be handled during future drought conditions.
3.3 Governance
In a prosperous and highly educated country like Canada, the
challenges of climate change and rapid development should
be manageable through foresight and coordination of water
resource systems. Public attitudes in Canada acknowledge
the reality of climate change and the vital role of govern-
mental institutions in addressing it. In 2011, 80 % of Cana-
dians (compared to 58 % of Americans) believed that there
is solid evidence that earth’s temperatures have been warm-
ing (Lachapelle et al., 2012). A similarly higher proportion
of the Canadian population believed that governments at all
levels: federal (65 % versus 43 %), provincial and state (53 %
versus 35 %) and local (42 % versus 29 %) have a role to play
in taking actions to reduce climate warming. Even then, how-
ever, many parts of Canada, including the SRB, face an uphill
battle to anticipate and adapt to climate change, in part, be-
cause fragmented and rigid governance systems prevent co-
ordinated and proactive response.
Fragmentation begins with the fact that watershed bound-
aries rarely coincide with political boundaries; myriad levels
of government have overlapping, and sometimes conflicting,
responsibilities for water management. The Constitution Act
of 1930 between Canada and each of its western provinces
passed responsibility for land and resources, including water,
to the provinces (Partners for the Saskatchewan River Basin,
2009). As such, the provinces are responsible for infras-
tructure, flood forecasting, drinking water standards, wa-
ter quality management, source water protection, water li-
censes, and fisheries regulation. The federal government has
responsibility for trans-boundary issues, management of fish
habitat, navigation and shipping, regulation of toxic sub-
stances, and First Nations lands. Obvious conflicts and gaps
arise in the management of a multi-provincial water sys-
tem that includes a large number of small, geographically
dispersed First Nations reserves. Water quality on First Na-
tions lands is the responsibility of the federal government,
but protection of source waters lies at the provincial or lo-
cal levels through groundwater–surface water interactions,
land use management, community development, and collab-
orative watershed partnerships (Timmer et al., 2007). Boiled
water advisories signal that community drinking water sup-
plies are contaminated by pathogens, and there is a need to
boil water before consuming it. As of 31 October 2013, there
were 118 First Nations communities across Canada under a
Drinking Water Advisory (Health Canada, 2013). According
to Patrick (2011), they reflect the lack of coordination be-
tween local and national water authorities and an unfortunate
disconnection between land and water governance.
Growing evidence from the policy sciences suggests that
dealing with fragmentation is not simply a matter of con-
solidating management into highly centralized systems, but
rather better coordination of place-based, watershed-level
governance. Brunner (2010) has warned of scientific bias in
searching for the “one best way” to rationalize natural re-
sources governance and preference for centralized decision-
making. He argues that adaptation efforts are most effective
when they occur at the local level, incorporate a wide range
of views in policy development, and find ways to use lo-
cal knowledge to supplement scientific inquiry. In Western
Canada, watershed advisory groups have been established to
fill this vital governance role, but they are limited by the lack
of legislative authority, uncertain budgets, and over-reliance
on volunteers for planning and management (Hulbert et al.,
2009). The 2001–2002 drought demonstrated the value of lo-
cal and informal governance mechanisms as strong commu-
nity spirit enforced compliance with water-saving strategies
and the social cohesion of rural communities facilitated co-
operative strategies to persuade senior water rights holders to
share their allocations to maintain the viability of rural com-
munities (Diaz et al., 2009; Marchildon, 2009).
Coordinated responses to new conditions are also chal-
lenged by the uncertainties associated with global climate
model results and their regional downscaling. Wilby and
Dessai (2010) described a “cascade of uncertainty” accom-
panying regional impact assessment, beginning with differ-
ent views of future society, climate model results, regional
impacts, and potential adaptation resources and note the dif-
ficulty of accommodating this level of uncertainty in science-
led adaptation efforts. The information systems of frag-
mented entities often are ill-prepared to deal with uncertain
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climate model results, how to integrate data from varying
spatial scales and technical sources, and how to mesh quanti-
tative and qualitative results with the local knowledge and ex-
periences of different operational and policy staffs. Prior re-
search has demonstrated that policymakers view uncertainty
as a constraint which may cause them to avoid solutions
that employ uncertain information, exhibit bias toward initial
solutions, undervalue negative or contrary evidence (Cohen
and Wallsten, 1992; Reece and Mathews, 1993). Decision-
making under uncertainty (DMUU) strategies are designed
to manage, rather than reduce, uncertainty. They include
exploratory modeling, scenario planning, robust decision-
making, and anticipatory governance (Lempert et al., 2003;
Folke et al., 2005; Quay, 2010; Gober et al., 2010; Gober,
2013). Anticipatory governance focuses on proactive solu-
tions to environmental risk, rather than reactive emergency
management strategies. Adaptation for prairie water systems
can include building new and retrofitting old infrastructure,
adjusting operational procedures, re-evaluating flood insur-
ance programs, changing building codes, drafting new flood-
plain maps, changing cropping strategies, upgrading emer-
gency warning and preparedness, coordinating governance,
investing in innovative technology, and creating new knowl-
edge about water conservation and reuse. These strategies
are critical to preventing water systems from passing criti-
cal thresholds and to managing change as systems transition
from one state to another.
4 Socio-hydrology and the science–policy interface
Sivapalan et al. (2012) have used the term socio-hydrology
to describe the study of the “co-evolution of human–natural
coupled systems.” They argue that it is not possible to predict
water cycle dynamics over decadal or longer time periods
without considering interactions and feedbacks among nat-
ural and human components of the water system. The com-
bination of human conditions (e.g., urbanization, economic
growth, and inadequate governance) and natural forces (cli-
mate change, droughts, and floods) has both triggered cri-
sis and opened policy windows in the SRB. The 2001–2002
drought in a fully allocated water system led to devastat-
ing economic loss in rural communities, but it also opened
a policy window in Alberta where allocations were capped
through the province’s Water for Life strategy. A recent
(June 2013) flood in Calgary, dubbed the “costliest natural
disaster in Canada’s history” with damage estimates exceed-
ing CAD 5 billion, had a similar impact on policy. Alberta
Premier Alison Redford responded not only in the traditional
fashion of providing relief to those who experienced loss, but
also in a more proactive, anticipatory way by mandating in-
creased control of land use in high-risk areas and denying fu-
ture flood insurance coverage to property owners who seek to
rebuild in the floodplain (Calgary Herald, 2013). The jury is
still out on the future of Lake Diefenbaker as to whether new
inter-provincial water quality standards will be set and en-
forced in time to prevent eutrophication or will business-as-
usual regulatory practices enable accumulation of phospho-
rous levels in lake sediments, with predictable consequences
for water treatment, recreational activities, and ecosystem
functions.
As complex and dynamic water systems approach critical
thresholds and tipping points, it is easy to advocate for proac-
tive, large-scale, and top-down policy solutions. The policy
literature suggests, however, that most water problems are re-
sistant to fundamental change, and at best produce incremen-
tal results. Huitema and Meijerink (2010) note that, while it
may not always be possible to implement centrally controlled
policies for emergent systems, it may be possible to be bet-
ter prepared and navigate from point to point through social
processes that exploit windows of opportunity, use multiple
venues (government, business, and the media) for debate and
decision-making, and deploy knowledge networks of inter-
ested parties working for change. As mentioned earlier, the
groundwork for change has been laid for these processes in
the SRB by a network of watershed steward organizations
that were created to develop source water protection plans,
but their capacity for action is limited by lack of decision-
making authority, permanent staff, and stable budgets.
An expansive view of socio-hydrology also considers
the so-called science–policy interface, including the social
processes that link scientific knowledge to emerging net-
works of decision-making and governance. Traditionally, the
water science community adhered to what Feldman and
Ingram (2009) call the “loading dock model” of decision
support, assuming that scientists would prepare models, fore-
casts, and other products for water agencies to use for man-
agement decisions. There is increasing evidence, however,
that this method is not up to the task of supporting the sorts
of decision-making processes described above (National Re-
search Council, 2007, p. 34). Reasons include inflexible deci-
sion rules, informal arrangements that prefer established and
tested practices over new kinds of decision tools, organiza-
tional culture and reward structures, risk-averse and vulnera-
ble cultural contexts, lack of meaningful interaction between
scientists and decision-makers, hard-to-interpret presentation
of scientific information, cascading uncertainties when cli-
mate model results are used for regional and local prediction,
and user difficulty in translating probability information into
action. Feldman and Ingram (2009) emphasize the potential
of mutual learning among scientists and between scientists
and decision-makers for more effective translation of scien-
tific information through knowledge networks to affect water
resources decision-making.
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5 Summary and conclusions
In sum, we have provided an overview of water system dy-
namics in the Saskatchewan River basin, emphasizing the
view of the basin as a human–natural coupled system, high-
lighting the challenges of managing complex, dynamic sys-
tems through periods of transition, and arguing for a new
paradigm of water science to link water scientists to new
users of knowledge. Our case study of the SRB demon-
strates the place-based and multi-scaled nature of socio-
hydrological research; the problems that can arise when the
integrated water system, including human and biophysical
components, are not treated holistically; the increasingly dif-
ficult choices that lie ahead for the SRB; the pressing need
for coordinated and anticipatory governance; and the poten-
tial for better communication between modelers and man-
agers to lead to more relevant water science and to its more
effective use for evidence-based decision-making.
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